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Abstract 
A model of tolerances and its graphical language is presented by giving new definitions to the size, form, orientation and location 
tolerances. Contrary to the ISO tolerancing, this model warrants: (1) the global tolerancing of the part even if non-tolerance is 
indicated thanks to the general tolerances of the model (2) the geometrical deviations limited by the tolerances are independent of 
one another, and (3) any graphical indication permitted by the language has a meaning on any surface.  
One simple mechanism is toleranced using the proposed model and language. 
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1. Introduction a 
The quality of a part is deeply dependent on the 
geometric quality of its components. As a consequence, 
this geometry should be specified by mechanical 
designers and be understandable to everyone involved in 
the manufacturing of the part. This has to be done 
irrespective of cultural and linguistic issues. This 
specification is defined by the ideal geometry of the part, 
also known as the target geometry, and the maximum 
deviations allowed next to the target geometry, called 
the tolerances. 
In order to specify these tolerances, a common 
language based on a tolerance model is needed. This 
language should be close to functional requirements to 
simplify the work of the designers. This language should 
also be easy to use during the manufacturing process. 
Moreover it should be easy to verify during the 
metrology process. As a result, this language should be 
based on a model with the following properties: 
 Axiomatic: based on axioms and not on examples. It 
could be employed on any geometry 
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 Consistent: any combination of indications allowed 
by the model makes sense 
 Bijective: a tolerance indication should have one 
unique meaning in terms of defects allowed and one 
defect should match one unique indication 
 Uncoupled: any kind of geometric deviation should 
be limited independently (to simplify the 
tolerance/functionality relationship requirement) 
 Light: a simple syntax (to avoid contradictions) 
 Rich: it should have various kinds of deviations that 
can be toleranced (as there are various functional 
requirements) 
 General tolerances : also called tolerances by default. 
Geometrical deviations of the part should be 
completely limited by general tolerances (so as not to 
have specified tolerances on non-functional surfaces) 
 Functional: the deviation, toleranced by the model, 
should be similar to the functional one 
 
There are some standard languages that define 
tolerances. The ISO language is international and is 
defined by standards known as the geometrical product 
specification (GPS) [1,2]. Another is the American set of 
standards known as the Geometric Dimensioning and 
Tolerancing (GD&T) [3]. Some papers [4,5] have 
previously drawn a comparison between the two 
previous models, that is why the ISO language is 
analyzed alone in the present paper.  However, some 
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authors have also shown ambiguities and even 
incoherencies, in these standards [6,7]. In particular, the 
non-axiomatic [6], non-bijective [7], coupled [1] and 
non-light (defined by 117 standards) characteristics of 
this model reduce its overall practicality. Moreover the
general tolerances [8,9] of the ISO model do not 
completely limit the geometry of a part and contain
many incoherencies, the general tolerances for 
dimensions [8] are in total contradiction with the
definition of dimension tolerances [10] and the general
geometrical tolerances [9] do not use the location
tolerances. Nonetheless, some of the tolerances of the
GPS meet the functional requirements.
2. Previous proposed models
Some authors put forward other models that are more
formal, however, these are not used by current standards.
Their relevance with regards to the properties defined 
above are developed below. These models have been
divided into two groups [11] : geometric and parametric.
2.1. Geometric tolerancing model
The tolerancing model proposed by Requicha [7] is
brief. He defined three kinds of deviations that could be
toleranced: the form (Tf), the size (Ts) and the location 
(Tp). For these three tolerances the real surface must fit
in the tolerance zone. As a consequence these tolerances
are coupled and only have a meaning when the
following inequalities are respected (1).
Tf<Ts<Tp
(1)
Pairel [6] is more recent. He defines four kinds of 
deviations: form, size, location and orientation. This
model is similar to the one which is presented in this
document. The main aim is to associate the surfaces and
to measure form and size deviations. After which, the
orientation and location are checked on the associated
surfaces.
These two models are in fact axiomatic, light, close to
the functional requirements but neither are bijective or 
rich. Moreover, they do not include general tolerances.
2.2. Parametric tolerancing model.
The tolerancing model proposed by Wirtz [12] is the 
most relevant example and requires the definition of a
Cartesian frame on the part. Every nominal surface that 
belongs to the part is located by a location vector and an
orientation vector. Then, for every real surface, a perfect 
surface is associated so as to give the location and
orientation vectors of the real part. The geometrical 
deviations are then observed in the differences between 
the vectors of the nominal part and the vectors of the real
one.
This model is axiomatic, bijective, uncoupled and
light. But it is not rich and functional because it requires 
the definition of a Cartesian frame which imposes the 
existence of locating surfaces and all the other surfaces
must be located by these surfaces. In the case of a part 
which has multiple location datum systems this could
pose a problem. In fact this model would be more
appropriate for manufacturing processes.
2.3. Conclusion
Nowadays either the standard languages (incoherent
and very complex) or nonstandard languages that are not 
yet sufficiently developed can be used. A new 
tolerancing model which respects almost all of the 
aforementioned properties (see section 1) is proposed.  
3. Proposed model
3.1. Principle and vocabulary
3.1.1. Principle
A real or virtual part is considered as a set of 
elementary surfaces. A virtual part is created by a 
drawing or a computer aided design (CAD) model (see 
Fig 1). These elementary surfaces are perfect in form,
size and location. This virtual part defines the target for 
the real one. For the real part the real elementary                     
surfaces are obtained by partitioning [13] its skin [14].
They are not perfect in form, size nor location.
For every real elementary surface there is an 
associated perfect and unlimited elementary surface.
During the association of a dimensional surface (a
surface with one or more intrinsic dimensions) these
dimensions are either variable or fixed to the target value
depending on the whether they are toleranced or not (see 
section 3.3.2).
The whole set of unlimited associated surfaces is
known as the associated part (see Fig 2.c). 
Fig. 1 Target geometry of the part
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Fig.  2. (a) target part toleranced; (b) real part; (c) associated part; (d) associated limited part; (e) gauge construction; (f) gauge of the general
orientation- ) 
verification





The definition of the vocabulary is part of the model. 
Some of the following definitions are already known 
thanks to the work of Ballu and Mathieu [15]. Fig 2 
explains a selection of them (terms in brackets are non-
essential). 
 (Unlimited)Elementary surface: Continuous perfect 
surface that cannot be divided into two surfaces, one 
of which is a different class [16] 
 Class of a surface: Set of surfaces that is constant 
despite specific translations, rotations or a 
combination of both [16] 
 Dimensional surface: Elementary surface owning one 
or more intrinsic dimensions (cylinder, torus, 
t is similar to the concept of 
 [17] 
 Target part: All of the target surfaces in their target 
locations 
 (Elementary)(Limited) Target surface: Elementary 
surface limited by bounds with its intrinsic 
dimensions at the target value 
 Actual Part: Set of features which physically exist 
and separate the entire part from the surrounding 
medium [16] 
 Partitioned actual part: Set of actual elementary 
surfaces 
 (Elementary)(Limited) Actual surface: Surface of the 
actual part which is corresponds to the Target surface 
 Associated (unlimited) part: Set of associated 
surfaces 
 Associated (unlimited) Surface: Unlimited surface, 
perfect in form, which fits best onto the real surface 
taking into account an association criterion 
 Associated limited part: Set of associated limited 
surfaces 
 Associated limited Surface: Associated surface 
limited by the intersection with others 
 Tolerance of orientation-location: Set of datums and 
tolerance zones which are in target orientations all 
together and some are also in target location 
 Tolerance zone: Volume taken by a sphere when its 
center belongs to the associated surface. Its diameter 
is equal to the value of the tolerance indication. It 
belongs to a tolerance of orientation-location 
 Datum: Surface with class and sizes equal to the class 
and size of the associated surface. It belongs to a 
tolerance of orientation-location. 
 Association tolerance: Maximum value permitted for 
the association deviation 
 Association deviation: Largest distance between the 
real surface and the associated surface 
 Size tolerance: Maximum value permitted for the size 
deviation 
 Size deviation: Difference between the size of the 
associated surface and the target surface 
 Indication: Syntactic feature which constructs a size 
tolerance, association tolerance, datum or a tolerance 
zone 
3.2. Graphical representation of geometry and 
tolerances 
3.2.1. Specification of the target geometry 
 
The target part is defined by a technical design (see 
Fig 1) containing linear or angular dimensions. These 
dimensions can be explicit or implicit (such as a 90° 
angle). Only the dimensions which are sizes can be 
toleranced and none can be enclosed in a frame. 
The target part can also be defined using a CAD 
model and, in such a case, the tolerance indications can 
stand directly on the surfaces. 
3.2.2. Specification of tolerances 
 
Although it is not necessary to give the syntax to 
define a model of tolerances it is much easier to explain 
these rules with the help of some examples.  
The lightest possible syntax can be created, due to the 
fact that, in this model, every tolerance indication relates 
to one single surface unlike in the GPS model.  
There are three kinds of tolerances in this model: the 
association tolerances, the size tolerances and on the 
orientation-location tolerances (see definition section 
3.1.1).  
 The association tolerance is defined with the help of a 
single association indication (see Table 1) that 
belongs to one surface. 
 The size tolerance is defined with the help of a size 
indication (see Table 1) that concerns one size of a 
dimensional surface. So it is possible to put as many 
size tolerances on a surface as there are unspecified 
sizes. 
 The orientation-location tolerance is defined with the 
help of four indications (see Table 1):  location datum 
indication, orientation datum indication, location zone 
indication and orientation zone indication. Each 
indication belongs to an elementary surface and 
contains three pieces of information: 
 A letter that gives a name to the tolerance so 
every indication with the same letter belongs to the 
same tolerance 
 A symbol either # for location or // for 
orientation 
 A numerical value in the Latin or Roman 
alphabet. In the first case it gives the size of the 
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sphere that builds the tolerance zone. In the second 
case it gives the hierarchic order of the datum (I-
primary, II-secondary, III-tertiary) 
 
This results in six possible indications as seen in 
Table 1: 
 
Table 1 : Syntax definition 
 Example 
Association indication ~  0.1 
Size indication  0.1 
Location zone indication a # 0.1 
Location datum indication a # I 
Orientated datum indication a // III 
Orientated zone indication a // 0.1 
 
From an informatics point of view there are two 
advantages to this syntax for the exchange of tolerances. 
Firstly, one indication concerns a single surface or an 
intrinsic parameter of one single surface. Therefore the 
tolerance information is similar to the geometric 
information. Secondly, it utilizes simple keyboard 
symbols and thus it is not complicated to note the 
tolerance information.  
3.3. Semantics of the three tolerances 
3.3.1. Association tolerance 
 
The association tolerance means that the deviation 
between the actual surface and the associated surface 
should not outrange the value of the tolerance. 
This definition is similar to that of a form tolerance in 
the GPS standards [1], the difference being that the 
association criteria can be different to those of GPS. 
Furthermore, the possibility of checking the form 
deviation of a dimensional surface independently from 
the size defect is possible whereas the GPS only allows 
this for a cylinder, sphere and cone. 
3.3.2. Size tolerance 
 
Each size of a dimensional surface can be toleranced. 
The tolerance controls the size of the associated surface. 
During the association process this size is variable and 
sizes which are not toleranced are equal to their target. 
This definition of a size tolerance is considerably 
different to the GPS which only works in a limited 
number of cases [17]. For further information on these 
ambiguities see the GPS standards [10]. 
3.3.3. Orientation-location tolerance 
 
An orientation-location tolerance is a set of tolerance 
zones and datums whose features are derived from 
indications. The indications which have the same name 
(or letter) build one single tolerance. On Fig 2.a two 
orientation-location tolerances can be seen. One is 
 Every 
orientation-location is independent from another and 
they should be checked independently. We will explain 
how the tolerance zones are created, as well as the 
datum, and how they are located inside an orientation-
location tolerance. Finally, we will define the 
requirements that the actual part must meet in order to 
respect an orientation-location tolerance. 
3.3.3.1. Construction of tolerances zones 
 
Rule: 
Volume taken by a sphere when its center belongs to 
the associated surface. Its diameter is equal to the value 
of the tolerance indication and it has the same 
construction irrespective of the class of surface or 
indication (location or orientation). 
 
Examples: 
zone indications. These indications stand on limited 
planes with a value of 0.02 millimeters (mm) so the two 
tolerance zones are the space between two parallels 
planes - a distance of 0.02 mm. 
tolerance (value = 0.02) zone standing on a cylinder with 
its target diameters set to 40 mm. The cylinder diameter 
does not have a size tolerance so the associated cylinder 
diameter is 40 mm. As a consequence the tolerance zone 
is the space between two concentric cylinders 
respectively 39.99 mm and 40.01 mm diameters 
3.3.3.2.  Construction of datums 
 
Rules: 
Datums are exactly the same as the associated surface 
corresponding to the surface which owns the datum 
indication (location or orientation).  
If a tolerance contains two or more datums 
indications with the same value (I, II or III) then these 
indications must all be location indications or orientation 
indications. This is a definition similar to that of a GPS 





 has three location datum indications. 
These indications consist of two levels of datum. The 
primary datum is made with one indication on a plane, 
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therefore the primary datum is a plane. The secondary 
datum is made by two indications on the two holes; the 
diameter of the smallest hole is not toleranced in size so 
the associated cylinder has the target diameter as does 
the datum. For the largest one, its size is toleranced so 
that the associated cylinder can have a diameter of 
14.952mm. In this case the datum will be a cylinder of 
diameter 14.952mm. Therefore the secondary datum is 
made of two cylinders with diameters equal to 10mm 
and 14.952mm and they are at a distance of 20mm (they 
are also parallel). 




The tolerance zone and the datums made from a 
location indication are in a target location and 
orientation. 
The tolerance zone and the datums from an 
orientation indication are in target orientation to one 
another and to the tolerance zones and datums made 
from a location indication. 
 
Examples: 
All the indications in the present document are 
location indications. 
distance of 60mm (from centre to centre). Likewise for 
 
3.3.3.4. Tolerance verification 
 
Rule: 
For each orientation-location tolerance a virtual 
gauge [18] is made and the primary datum is fitted to the 
corresponding associated limited surfaces. Then (with 
the freedom permitted by the gauge) the secondary 
datum is also fitted and then again with the tertiary. The 
associated limited surfaces with a zone indication (for 
the same tolerance) must fall within the tolerance zone 
of the considered tolerance. 
 
Examples: 
therefore the two 
toleranced limited planes have six degrees of freedom to 
fall within the two tolerance zones. 
There are primary and secondary datums for tolerance 
to the primary datum (the plane) after which the 
secondary datum is associated. Therefore there are zero 
degrees of freedom for the associated limited part. The 
associated limited cylinder with the 40 mm diameter 
must fit in the tolerance zone. 
3.4. General tolerances 
It is neither desirable nor possible to indicate 
tolerances for all deviations of all surfaces of a part. The 
only deviations that should be specified are those which 
are functional. This is why general tolerances are needed 
to limit the non-functional deviations. The general 
tolerances of the GPS [8] are known to be of little use 
due to their incompleteness and ambiguity. It is for these 
reasons that a complete, simple and consistent model has 
been created. It consists of placing an association 
tolerance on any elementary surface of the part as well 
as an orientation-location tolerance.  
3.4.1. General association tolerance 
 
Every elementary surface which has not been 
toleranced in association receives an association 
tolerance. Its value depends on the extension of the 
surface. 
3.4.2. General orientation-location tolerance 
 
A single tolerance is made with location zones, the 
value of which is relative to the extension of each 
surface. The corresponding virtual gauge (see Fig 2.f) 
could easily be made following the rules given in section 
3.3.3.  
4. Conclusion and further work on the model 
The proposed model is based on a set of axioms 
(unlisted here but readily producible). These axiomatic 
attributes allow the proposed model to respect many of 
the properties defined in the introduction. The first 
property is respected as any combination of indications 
can be interpreted unambiguously and therefore 
consistently when the rules suggested in this article are 
followed. In addition, it perfectly matches the definition 
and objective of a general tolerance. The size, 
association and location defects are independently 
limited therefore it is an uncoupled model which is also 
syntactically very light. This model does not entirely 
meet the objective of bijection and it is therefore 
possible for tolerances which are written differently to 
be identical from a semantic point of view. By contrast, 
it is impossible to interpret a tolerance in several ways. 
However, the model is not yet well enough developed to 
be considered rich. As a result, this model needs to be 
expanded upon by concepts such as the projected zone 
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